Abstract Big data in the form of stellar spectra from the spectroscopic survey associated with the Large Sky Area Multi-object Fiber Spectroscopic Telescope (LAMOST) are important for studying properties of cataclysmic variables (CVs). By cross matching the catalogs of CVs compiled with LAMOST DR3, acquired from October 2011 to July 2015, we obtained the first spectroscopic catalog for CVs observed by LAMOST with high signal to noise ratio, above 8. By integrating line profiles, their equivalent widths (EWs) of the Hα, Hβ, Hγ and Hδ, as well as He I 5876 and 6678Å lines, were calculated. There were 74 stellar spectra from 48 known CVs and three spectra from three new CV candidates. At the same time, we also collected their previously published EWs. Thirty-three objects had repeated spectra and 30 stars showed spectral variability in the Hα line. Moreover, we carried out photometric follow-up studies for five CVs (UU Aqr, TT Tri, PX And, BP Lyn and RW Tri). We obtained nine new light curves and revised their linear ephemerides. For RW Tri, there is a possible oscillation with an amplitude of 0.0031(2) days and a period of 47.6 ± 0.4 years, which might be caused by a third body (brown dwarf) or magnetic activity cycle.
INTRODUCTION
Cataclysmic variable (CV) stars are compact binary stars consisting of a white dwarf, with temperatures ranging from 10 000-50 000 K, accreting from the Roche lobe of its companion star which is usually a low mass-main sequence star with temperature of 3000-5000 K (Sion 1986; Warner 1995; etc) . They can be observed in optical, ultraviolet, extreme ultraviolet, infrared and X-ray wavelengths, including wavelengths accessible by the International Ultraviolet Explorer, to understand their properties and evolutional trends (Giovannelli 2008; Liu et al. 1999; etc) . Downes et al. (2001) published an online updated catalog and atlas of about 1600 CVs and 229 non-CVs, that includes their classifications, orbital periods, magnitudes and spectral information (776 objects show quiescent spectra, 191 objects present outburst spectra and 632 objects have no spectra). Using the Sloan Digital Sky Survey (SDSS) (e.g. York et al. 2000) , Szkody et al. (2002) identified 22 CVs, including 19 new discoveries and three previously known systems. They also carried out follow-up observations to determine the orbital periods of the three new objects. Afterwards, they also identified many CVs through SDSS spectra and determined their spectral properties and orbital periods by follow-up spectroscopic and photometric observations (Szkody et al. 2002 (Szkody et al. , 2003 (Szkody et al. , 2004 (Szkody et al. , 2005 (Szkody et al. , 2006 (Szkody et al. , 2007 (Szkody et al. , 2009 . Recently, they published a complete catalog of 285 CVs with spectra in an online table of all known CVs from both photometric and spectroscopic observations 68-2 X. L. Han et al.: LAMOST Cataclysmic Variables (Szkody et al. 2011 ). The Catalina Real-time Transient Survey (CRTS) discovered 1043 CV candidates and published the largest sample of CVs from a single survey in six years (Breedt et al. 2014; Drake et al. 2014) . They also provided spectroscopic identifications of 85 systems and discovered that 53 percent of the CVs they analyzed had variable amplitudes (Breedt et al. 2014; Drake et al. 2014; etc) .
CVs have been studied by many groups to determine their orbital period (Dillon et al. 2008; Southworth et al. 2006; Kato et al. 2009; etc) , orbital period variation and related physical mechanisms (Qian et al. 2010; Dai et al. 2013 ) by time series photometry. By conducting photometric and spectroscopic observations of CV candidates discovered from SDSS and CRTS, Szkody (2014) confirmed their types (dwarf novae, nova-like cases or polars), and determined their orbital periods and spectroscopic properties (outburst or quiescence). Through a series of high-speed photometric observations of many faint CVs selected from the SDSS and CRTS, Woudt et al. (2012) also determined their orbital periods. Southworth et al. (2015) reported the discovery of eclipsing CVs and determined the parameters of the system using high-speed photometry. Furthermore, they investigated the orbital period distribution within the SDSS samples and for all CVs with known orbital periods (Southworth et al. 2006 (Southworth et al. , 2015 .
Built by the Chinese Academy of Sciences, the Large Sky Area Multi-Object Fiber Spectroscopic Telescope, (LAMOST, also known as the Guo Shou Jing Telescope) has become an important scientific project for spectral surveys. Wei et al. (2013 Wei et al. ( , 2014 developed the LAMOST spectral analysis pipeline to classify different subclasses by matching with template spectra. This approach has proven to be an effective and efficient novel method for identifying CVs from optical spectra through the support vector machine technique combined with principal component analysis. They identified 11 previously known CVs (Wei et al. , 2014 . Jiang et al. (2013) also developed an effective data-mining method to find CVs from LAMOST spectra, and identified 10 previously known CVs and two new CV candidates. The LAMOST project has published over four million spectra, which is a useful resource for examining their properties and searching for new CV candidates.
In this paper, we present known and unknown CVs observed by the LAMOST spectral survey, and obtain their equivalent widths (EWs) of several spectral lines, including Hα, Hβ, Hγ, Hδ and He I 5876 and 6678Å. We also present light curves from our photometric follow-up observations of five CVs (UU Aqr, TT Tri, PX And, BP Lyn and RW Tri), and our new primary minima and their revised linear ephemerides.
DATA
LAMOST is a Chinese optical telescope with a field of view of about five square degrees and an effective aperture of about 4 meters (Wang et al. 1996 , Cui et al. 2012 ). There are 16 low resolution spectrographs with a doublebeam full Schmidt design and volume phase holographic gratings, which can simultaneously acquire spectra of about 4000 celestial objects via fibers located in its field of view (Cui et al. 2012; Wang et al. 1996) . The resolution is about 1800 and the wavelength region is about 3700-9000Å. The exposure time for a single CCD observation is 30 min and we combine three continuous exposures for a total effective exposure time of about 1.5 hours. The red wavelength is calibrated by an NeAr lamp and the blue wavelength is calibrated by an HgCd lamp. The observed spectra were not flux-calibrated by matching the selected standard flux stars. LAMOST has published over 4 million stellar spectra in LAMOST Data Release 3 (DR3) (http://dr3.lamost.org/) from the survey carried out from October 2011 -July 2015 (Luo et al. 2015) . The stellar spectra were from the systematic spectroscopic surveys of a large number stars in the Galactic disk, the defining structure and halo (e.g., Chen et al. 2012; Deng et al. 2012 , Liu et al. 2015 . We downloaded these spectra from LAMOST's official website. The associated CCD data were reduced by the LAMOST 2D pipeline software (Luo et al. 2012 (Luo et al. , 2015 , which includes bias and dark subtraction, flat field correction, spectral extraction, sky subtraction and wavelength calibration (Luo et al. 2012 (Luo et al. , 2015 . There are two separate channels and spectrographs. The wavelength region of the blue channel is about 370-590 nm and the wavelength region of the red channel is about 570-900 nm. The LAMOST group combined two parts of the spectra from the red and blue spectrographs into a single spectrum for each target. For some LAMOST spectra, there is a bad region (missing) near 6000Å because of the process involved in combining the two parts of LAMOST spectra.
We cross-matched the updated catalog of CVs (Downes et al. 2001) , 1043 CV candidates identified by CRTS (Breedt et al. 2014 ) and 285 CVs identified from SDSS (Szkody et al. 2011 ) with stellar spectra from LAMOST DR3. Identifying new CVs will give us a better understanding of the total spatial density of all types of CVs (Szkody 2015) and the physical properties and evolutions of CVs (Giovannelli 2008) , such as physical parameters, mass transfer process, spectral line emission properties and so on. Therefore, we also collected the new CV candidates detected by the LAMOST survey through matching with template spectra developed by Wei et al. (2013 Wei et al. ( , 2014 . The methods of identifying CVs from optical spectra are described in detail in their papers (Jiang et al. 2013; Wei et al. 2013 Wei et al. , 2014 . Moreover, we identified new CVs from optical spectra using the support vector machine technique combined with principal component analysis. After excluding most non-CVs using these two methods, we identified CVs manually or by a template-matching algorithm using the spectra of dwarf novae at quiescence, magnetic CVs and nova-like variables with obvious emission lines, and so on (Jiang et al. 2013; etc) . We chose the CVs or new CV candidates observed in the LAMOST spectral survey with signal to noise ratio (S/N) above 8 in the R band. We listed these parameters in Table 1 , where the first column indicates an object's CV status (cv01 means known CV, newcv# means it is a new CV candidate, and noncv means it was identified as not a CV in the previous CV catalog published by Downes et al. (2001) ), LAMOST name in the second column, other name in the third column, information about whether a spectrum is newly observed or not is listed in the fourth column ("Y" means that the spectrum is first observed by LAMOST, while "N" means it is not.), observation date is in the 5th column, magnitudes of ugrizJHK are provided from the 6th to 13th columns respectively, their S/Ns) in ugriz from 14th to 18th columns respectively, and references in the last column. We obtained 92 LAMOST spectra for 62 objects: 74 spectra of 48 known CVs, three spectra of three new CV candidates and 15 spectra of 11 non-CVs in the updated CV catalog (Downes et al. 2001) . This is the first time that the spectra of six known CVs and three newly identified CVs candidates were obtained.
ANALYSES OF LAMOST SPECTRA OF CVS
In this section, we will discuss the spectroscopic properties of CVs, and present our photometric follow-up observations of several CVs with their revised linear ephemerides.
Spectroscopic Properties of CVs
From LAMOST DR3, we identified 74 stellar spectra associated with 48 known CVs, and three spectra representing three new CV candidates, as well as 15 spectra corresponding to 11 objects classified as non-cv objects in the previous CV catalog. We plot several sample CVs with only one LAMOST spectrum in Figure 1 . The fluxes associated with our observed spectra are not calibrated using standard stars. The left panels show the observed spectra, and the vertical axis represents the raw CCD electron counts. In the right panels, we plot the normalized spectra, where the signals are normalized to their continuum by a 5 or 6 order polynomial fit using the continuum package in the IRAF software 1 . We measured the EWs by integrating over the emission profile using the Splot package in the IRAF program. The methods for calculating the EWs and their uncertainties are similar to those of Zhang & Gu (2008) .
The results are presented in Table 2 , which includes the star number (first column), LAMOST name (second column), Heliocentric Julian Date (HJD) (third column), EWs of Hα (fourth column), variation of Hα EWs (fifth column), and EWs of Hβ, Hγ, Hδ and He I 5876Å and 6678Å lines (6th-10th columns). We note that some of the LAMOST spectra have a bad region in the red wavelength region at about 8500Å. Furthermore, we searched the literature for existing EWs in Hα and Hβ in the 11th and 12th columns, and list their references in the last column of Table 2 . We also identified 33 objects with repeated observations. We further determined spectral EW variability by the difference in the maximum and minimum EWs in the Hα line: When this difference is larger than three times its corresponding error (Zhang et al. 2016 (Zhang et al. , 2017 , we consider the object's spectrum to be variable. Among these 33 objects, 30 CVs showed spectral variations, while three objects showed no spectral variation. We plotted some repeated LAMOST spectra and normalized them to their continuum in Figure 2 .
As can be seen from Figures 1 and 2 , there are strong He II 4686Å emission lines for some of them (LAMOST J003005.80+261726.3, LAMOST J053159.11+302644.9, T Aur, V647 Aur, V418 Gem, DW CNc, BH Lyn, ...). For AM Her, its spectrum shows characteristics of being a double star because two parts of the continuum in the red and blue wavelengths are higher in the middle region. The large amount of LAMOST data was very useful for searching for new CV candidates. We found three new CV candidates and list them in Tables 1  and 2 , and plot their observed (left panel) and normalized spectra (right panel) in Figure 3 . 
CVs Selected for Our Photometric Follow-up Observations
In order to study the periods and period variations of CVs, we carried out photometric follow-up observations for several CVs using the SARA RM 1.0 meter telescope (Keel et al. 2017 ), Xinglong 85-cm telescope, administered by National Astronomical Observatories, Chinese Academy of Sciences (NAOC) (Zhou et al. 2009 ) and Lijiang 2.4-m telescope, administered by Yunnan Observatories (Fan et al. 2015) . SARA RM has a CCD camera with a 2048×2048 resolution and 11.6 ′ × 11.6 ′ field of view, and limiting magnitude of 21 mag at S/N about 10 with a 10 min exposure time. The 85-cm Xinglong telescope has a CCD camera with 1024×1024 resolution, and 16.5 ′ × 16.5 ′ field of view and limiting magnitude of about 15 mag with uncertainty about 0.005 mag in the R filter (before 2014). The Lijiang 2.4-m telescope has a PICCD camera with 1024×1024 pixels (Fan et al. 2015) . Due to the limiting magnitudes of our telescopes and observing times, we selected five bright CVs as our photometric follow-up objects (UU Aqr, TT Tri, PX And, BP Lyn and RW Tri). Details about the observations for these five CVs are listed in Table 3 . The backgrounds of these objects are described in the following subsections.
UU Aqr
UU Aqr was found to be a bright eclipsing nova-like CV (Baptista et al. 1994) . It displayed short and longterm brightness variations (Honeycutt et al. 1998 occasional super humps in its light curve (Patterson et al. 2005) . By analyzing 31 light curves of UU Aqr and using eclipsing mapping techniques, Baptista & Bortoletto (2008) found UU Aqr exhibited long-term brightness changes and flickering components. Dobrotka et al. (2012) also proposed a tantalizing explanation for the possible presence of spiral waves in the flickering activity of UU Aqr. These unstable light curves might be caused by spiral arms in the disk (Khruzina et al. 2015) . Baptista et al. (2000) obtained time-resolved spectra of UU Aqr, which showed variable spectral lines from deep and narrow absorption features to emissions in Hα and He I lines (Baptista et al. 2000) .
PX And
PX And was found to be a CV candidate (Green et al. 1982) . It was confirmed to be a cataclysmic eclipsing binary with a period of 0.146 d (Li et al. 1990 ). There are strong variabilities in depths in the metal, Balmer and He lines (Thorstensen et al. 1991) . Hellier & Robinson (1994) discovered that the emission line profile of Hα showed obvious absorption in different orbital phases. Still et al. (1995) presented time resolved spectroscopy of PX And in the 4025-5005Å region and they argued that single peaked emission lines are incompatible with an accretion disk (absorption). Stanishev et al. (2002) conducted a photometric study, which indicated variable shape and depth in the eclipse, and strong flickering in the light curve outside eclipse.
TT Tri
TT Tri was identified as a new variable star in the constellation Triangulum (Romano 1978) . Warren et al. (2006) provided multi-color light curves of the nova-like eclips-68-14 (Breedt et al. 2014) ; 3. LAMOST new cv candidates (Luo et al. 2015) ; 4. SDSS (Szkody et al. 2011 ). Here, cv means known cv. Noncv means a non-cv object in the cv catalog published by Downes et al. (2001) . Y in the fourth column means that this is the first time this spectrum has been observed by LAMOST, while N means this not the first time this spectrum has been observed.
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ing binary TT Tri and obtained their associated geometry models. Rodríguez-Gil et al. (2007) presented a revised and more accurate orbital period and found that Balmer and He I lines showed emissions.
BP Lyn
BP Lyn was found to be a nova-like variable with an orbital period of about 3.7 h (Grauer et al. 1994 ) and its light curve showed prominent flickering. Wegner & Notes: V means that there are variations in EWs; N means that there are no variations in EWs; -means that we do not discuss whether there is variation because of no repeated LAMOST spectra. McMahan ( 1985) obtained its low resolution spectrum that showed emission in the Hα line. The Hα line profile showed complex emission features with a variable absorption component in the core (Still 1996; Hoard & Szkody 1996) .
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RW Tri
RW Tri was found to have a short period Algol type light curve variation outside eclipse (Walker 1963) . Africano et al. (1978) recorded 30 eclipse minima for this star. By studying the associated O − C diagram, they found that the minima contain oscillations with a peak amplitude of 0.0017 days with two possible periods of about 2777 days and 4980 days (Africano et al. 1978) . RW Tri was found to have emissions in He II 4686, and Hα, Hβ and Hγ lines (Kaitchuck et al. 1983; Rutten & Dhillon 1992; Dhillon et al. 1992) . Smak (1995) obtained the component masses of about 0.45(0.15) and 0.63(0.10) M ⊙ . derived the masses of RW Tri components of about 0.7 and 0.6 M ⊙ with an inclination of 75
• . Recently, Poole et al. (2003) estimated the primary and secondary star masses to be in the range 0.4-0.7 and 0.3-0.4 M ⊙ , respectively.
As can be seen from Figures 1 and 2 , there were strong emissions from PX And in the Hα, Hβ, Hγ, Hδ and He I 4471, 4686, 6678 and 5876Å lines (Fig. 1a) . UU Aqr showed strong emissions in the Hα, Hβ, Hγ, Hδ and He I 4471, 4686, 6678 and 5876Å and Ca II IRT lines (Fig. 1x) , while TT Tri presented strong emissions in the Hα, Hβ and Hγ lines (Fig. 2c) . Hence, we confirm their previously reported behaviors in the Balmer and He I lines (Still et al. (1995) , Baptista et al. (2000) , Rodríguez-Gil et al. (2007), etc) . However, this is the first time ever that emissions in the Ca II IRT lines for UU Aqr have been reported. For BP Lyn, there are obvious absorptions in the Hα and Hβ lines. There are strong emissions from RW Tri in the Hα, Hβ, Hγ, Hδ and He I 6678 and 5876Å lines (Fig. 1e) . We confirm their previously reported behaviors in the Balmer lines etc) .
Photometric Follow-up Observations of CVs
We carried out CCD observations of UU Aqr in U BV RI on 2016 August 13 using the SARA RM 1.0 meter telescope (Keel et al. 2017) . However, the time resolution is not very good due to its short orbital period. Therefore, we observed it again only utilizing the R filter on 2016 August 16. We made the CCD observation for PX And in two colors with U R filters on 2016 September 5 using the SARA RM 1.0 meter telescope. We observed TT Tri in only one color on 2016 September 2 and 3, and 2017 September 6 employing the SARA RM 1.0 meter telescope. We also conducted photometric studies of BP Lyn in I filter using the Xinglong 85-cm telescope (Zhou et al. 2009 ). In addition, we performed studies of RW Tri in R filter using the 2.4-m telescope on 2008 December 20 and in I filter using the Xinglong 85-cm telescope on 2009 December 22. The observation log of our objects, including the exposure times, is listed in Table 3. 68-18 X. L. Han et al.: LAMOST Cataclysmic Variables We reduced CCD images by applying the IRAF package, including bias subtraction, flat-field division, cosmic ray removal and aperture photometry. We chose their comparison and check stars near our objects. We plotted the differential magnitudes (relative to the comparison stars) for these CVs in Figure 4 , and listed them in Table 4 , which includes the object name in the first column, the differential magnitude and observation filters in the 2nd-10th columns, and the telescope in the last column. For these light curves, we see strong flickering in part of the light curves outside eclipses. These are consistent with previous results (e.g., Baptista & Bortoletto 2008; Li et al. 1990; Warren et al. 2006; Grauer et al. 1994) , which might be attributed to the stellar disk of accretion stream or stellar wind.
The Linear Ephemerides of Several CVs
By fitting our light curves with a polynomial function using a program, we obtained 13 new primary light minimum times and their uncertainties. We listed these new minima and corresponding uncertainties in Table 5 . To obtain updated ephemerides and discuss orbital period variations, we collected all the available eclipse times from the literatures (e.g., Paschke & Brat 2006; Hellier & Robinson 1994; Atali et al. 2014 ) and listed them in Table 5 . Subsequently, we obtained updated linear ephemerides for these CVs by applying least square fittings. The linear ephemerides are shown in Equation (1). All minima were weighted equally because there were no published errors for many of these minima, and they were all observed with a similar CCD method. We listed the relevant parameters in Table 5 , which include star name in the first column, the minimum time in HJD and its uncertainty in the second and third columns, respectively, the type of minimum in the fourth columns (P means primary minima and S means secondary minima.), the observational method in the fifth column, cycle in the sixth column, the O − C values of minimum times based on the updated linear ephemeris in the seventh column and references in the last column. To discuss the period variations, we plotted these values in Figure 5 . As can be seen from Figure 5 , there seem to be no obvious variations for UU Aqr, TT Tri and BP Lyn, but there is a variation for PX And. Because of the limited number of minima times, more observations of PX And are needed to determine its properties in the future. 
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For RW Tri, there might be an oscillation in its O−C diagram in Figure 5 , which may be caused by the lighttime effect due to the existence of a third body or magnetic cycle (e.g., Applegate 1992; Lanza et al. 1998) . If the period oscillation is due to the light-time effect, then we can use a weighted nonlinear least-squares fitting (Yang et al. 2007 ) with the following equation describing the light time effect (Press et al. 1992) τ = a 12 sin i c 1 − e 2 1 + e cos ν sin(ν + ω) + e sin ω ,
where the semi-amplitude of the light-time effect is A = a 12 sin i/c, a 12 is the semiaxis of the eclipsing -pair orbiting around the common center of mass with the third body and c is the speed of light. Orbital parameters for the third body are ν, e, ω and i, which correspond to the true anomaly, eccentricity, longitude of periastron and inclination, respectively. Here M 1 , M 2 and M 3 are the masses of the primary, secondary and third body, respectively. We can calculate the mass of the third component with the equation
The parameters of the third body and the fit residual for RW Tri are listed in Table 6 . The mass of the third body depends on the orbital inclination. We used M 1 as 0.7 M ⊙ , M 2 as 0.6 M ⊙ and orbital inclination of 75 degrees for RW Tri , and obtained the third mass M 3,min to be 0.052 M ⊙ when i ′ =75
• . The mass of the third body is below the stable hydrogen burning limit of about 0.072 M ⊙ and thus it might be a brown dwarf.
CONCLUSIONS
The analyses of CVs observed in the stellar spectral survey LAMOST DR3 are summarized as follows:
(1) We cross-matched the CV catalog with the LAMOST stellar survey (DR3) and found new CV candidates from LAMOST DR3. We also obtained their EWs in several Balmer lines and two HeI lines. (2) We identified 74 stellar spectra for 48 known CVs, and three stellar spectra for three new CV candidates. We also found 33 objects with repeated observations and 30 stars showing spectral variability in the Hα line. (3) We made photometric follow-up CCD observations for five CVs (UU Aqr, TT Tri, PX And, BP Lyn and RW Tri) and obtained nine new light curves. We identified 13 new light minima and revised their linear ephemerides. For RW Tri, there is a possible oscillation with an amplitude of 0.0031(2) days and a period of 47.6 ± 0.4 years, which might be caused by a third body or magnetic activity cycle.
